Cultivated and wild growing samples of fennel (Foeniculum vulgare Mill., Apiaceae) from R. Macedonia were studied for their volatiles and fatty acid composition. The main essential oil components isolated via hydrodistillation were: trans-anethole (>80%), estragole (<6%), limonene (<6%), anisaldehyde (<1%) and 0.5 % fenchone. An alternative method for characterization of both the non-polar volatile and non volatile fractions was developed using n-hexane and dichloromethane (3:1, v/v) in a Soxhlet extraction followed by transesterification. The obtained extracts were then characterized and the dominant fatty acid was 18:1 (petroselinic and oleic acid) 75.0-82.8 %, followed by 18:2 (linoleic acid) 10.8-16.2% and other fatty acids: palmitic (4.3-6.9%), stearic (1.2-1.7%) and myristic (0-2.9%). The results for the volatile fraction after Soxhlet extraction and transesterification did not significantly differ from results obtained after hydrodistillation, especially for the main components (trans-anethole, estragole, fenchone and limonene), implying that the developed method can be used for simultaneous determination of volatiles and fatty acids.
Foeniculum vulgare Mill.is a well known perennial plant that is native to the Mediterranean region, but within years has become widespread. It is used as a medicinal plant [1, 2] and herbal drug preparations of it are today used for various gastrointestinal and respiratory complaints [3] [4] [5] , as well as for their hepatoprotective effects [6] . Studies of the herbal drug preparations have proved their diuretic, anti-inflammatory, analgesic, antioxidant [7, 8] , ACE inhibiting [9] and anticancer activities [10] .
The taxonomy of F. vulgare is still widely discussed and phytochemical studies have been mainly focused on the profile of the fruit essential oil of varieties from different origins [11] [12] [13] [14] [15] [16] [17] [18] . The relative quantities of the most abundant constituents, trans-anethole, limonene, estragole and fenchone, give the specific taste and aroma of the fruits from different varieties. The essential oils of the different subspecies usually contain small amounts of α-pinene, β-pinene, myrcene, γ-terpinene, p-cymene, 1,8-cineole and anisaldehyde.
Three varieties of F. vulgare can be distinguished: var. vulgare, var. dulce, and var. azoricum, which additionally differ from each other in the content of the main components of the essential oil [19] . Among them, variety dulce (known as sweet fennel) is widely used in food and beverage flavouring. In the last decade, the content of estragole is of special concern since it has been notoriously declared to have carcinogenic properties [20] [21] [22] . According to the European Pharmacopoeia [23], bitter fennel (F. vulgare var. vulgare) on average yields higher quantities of essential oil than sweet fennel. However, it must be pointed out that the yield and its composition depend upon genetics, environmental, and agricultural practices [11, 24] .
In addition to the characteristics previously discussed, dry and ripe fennel fruits have also been used as a source of fatty oil. Plants from the Apiaceae family are rich in petroselinic acid (70.4-78.9 %) i.e. cis-octadec-6-enoic acid, 6c-18:1, and it is considered as a valuable synthetic precursor of lauric acid [25] . The fatty acid profile of the fatty acid oil in fennel fruits has been studied by several research groups, including characterization and separation of the three 18:1 positional isomers: oleic (9c-18:1), vaccenic (11c-18:1) and petroselinic (6c-18:1) acid [26] [27] [28] [29] . The yield of the fixed oil is in the range of 8-24% [28] , depending on the origin of the sample and technique and conditions for extraction.
Separately, the chemical composition of the essential oil and the fixed oil of fennel have been previously studied [27] , but no procedures for simultaneous determination of the composition of both oils have been developed. Also, the identification/classification of the fennel was not related to the fatty acid composition.
In order to compare the quantity of volatile components, a number of different methods were used for extraction and concentration of the fennel non-polar fraction among which were hydrodistillation, steam distillation, Soxhlet extraction headspace techniques, supercritical fluid extraction (SFE) [30] and simultaneous distillation-extraction (SDE) [31] .
In this study, a gas chromatographic method was developed for separation of essential oil components and applied for simultaneous separation of both essential oil and fatty oil components present in wild and cultivated fennel originating from different regions in R. Macedonia. The aim was development of a simple and efficient method for simultaneous extraction/derivatization and gaschromatographic separation of the non-polar fraction using a poly(biscyanopropylsiloxane) stationary phase. The derivatization step via transesterification was necessary for converting triacylglycerols present in the fennel fruits to volatile fatty acid methyl esters. The variation in the fatty acid profiles between different samples was studied since no previous data on the fatty acid profile of fennel from this region were available. Comparison of the relative abundance of the volatile components obtained by hydrodistillation to the relative abundance of the same components obtained by solvent extraction followed by derivatization was made to evaluate the efficiency of the latter alternative procedure that is more suitable for plant samples.
Method development for volatiles determination
In order to accomplish the main objective i.e. determination of the volatiles and fatty acid composition with a single extraction procedure and chromatographic run, a GC-FID method was developed using a 100 m polar fused silica capillary column with a poly(biscyanopropylsiloxane) phase for determination of the target compounds. Such a phase is atypical for essential oil analysis because of its high polarity and specific purpose (positional and cis/trans FAME isomers). Also, these types of stationary phases can provide an unexpected order of elution, especially when compared with less polar columns where the dominant factor is the volatility (i.e. boiling points) of the components.
The goal was to use a typical stationary phase for FAMEs separation and check its suitability for separation of monoterpenes and phenylpropanoids present in the essential oil from fennel fruits. Such columns require higher flow rate and have a relatively low temperature limit of 240°C. For optimization of the separation conditions a mixture of authentic standards of the main components of fennel essential oil in methylene chloride was used. The key parameters for separation were oven starting temperature, temperature program and mobile phase flow rate. After several runs, the column temperature of 105°C and 1.6 mL/min were found as optimal conditions for separation of the first eluting component, α-pinene, from the solvent peak. An interesting observation was that anisaldehyde was the last eluting component having in mind the structure and polarity of all eluted compounds ( Figure 1a ). The separation and relative amounts were checked against HP-5 MS (30 m x 0.25 mm, 0.25 μm) presented in Figure 1b , which is a common column for essential oil analysis. Based on the obtained results and comparison with the routinely used column it was concluded that the developed GC method using this polar column was suitable for analysis of fennel essential oils.
Each sample ( Table 1) was freshly ground to a specified mesh size and was divided into six parts. In parallel, three portions were subjected to hydrodistillation, while the other three were subjected to Soxhlet extraction and yields were determined for all isolates. All essential oils were pleasant smelling liquids with clear to pale yellow color and refractive indices in the range 1.5173 -1.5513. The wild fennel sample, WF1, collected from Baba Mt. had the lowest value, below the lower limit (1.528 -1.539) specified by the European Pharmacopoeia [23] for bitter fennel. All the other samples had values above the limit specified by the European Pharmacopoeia. This may suggest that these samples contain high amounts of trans-anethole, which has a refractive index of 1.561.
Another indicator for the differences in varieties is the yield of the essential oil. According to the European Pharmacopoeia [23], the minimal specified value for the content of essential oil in sweet fennel is 2.0 mL/100 g anhydrous drug with a minimum 80.0% trans-anethole, a maximum of 10.0% estragole and a maximum of 7.5% fenchone. There are many published data for the essential oil content with values in the range from 2.0 -4.0 mL/100 g anhydrous drug with high content of trans-anethole and low content of estragole and fenchone [11, 14, 24, 27, 30] . On the other hand, the European Pharmacopoeia specifies 4.0 mL/100 g as a minimal value of the content of bitter fennel essential oil, with 55.0 -75.0% trans-anethole, 12.0 -25.0% fenchone and a maximum 6.0% estragole. The essential oil yields of the two wild fennel samples, WF1 and WF2 were 5.52 and 5.16 mL/100 g, respectively, which imply that these samples comply with the values given by the European Pharmacopoeia [23] for bitter fennel.
In a previous study carried out by Bernath et al. [19] it was found that fennel samples contain 14.9% fatty oil, whereas in later studies about 20% fatty oil was measured in fennel fruits [27, 28] . So, the values of the obtained yields by Soxhlet extraction might be a good initial indicator whether the obtained extraction efficiency in the developed method is satisfactory, taking into consideration the fact that we tried to extract both the fatty oil and the volatile non-polar components. Typical gas chromatograms of hydrodistilled essential oil of sweet fennel obtained on a 100 m polar fused silica capillary column (SP-2560) and on a 30 m HP5-MS column are shown in The exact quantities of the main components of fennel essential oils analyzed by GC-FID and the SP-2560 column determined by comparison with authentic standards are summarized in Table 2a . Based on these chromatographic data, the essential oils of the cultivated samples contain more than 80% trans-anethole, less than 6% estragole and less than 1% fenchone. These results confirm the variety of the analyzed samples as F. vulgare subsp. vulgare variety dulce (sweet fennel) and they comply with the requirements given by the European Pharmacopoeia [23]. Furthermore, these samples are of excellent quality based on the high trans-anethole content and low fenchone and estragole contents.
Two subspecies of F. vulgare (fennel) are known, vulgare and piperitum (Ucria) Couthinho. There are morphological differences between the two subspecies, and usually the piperitum leaves are lengthy triangular in outline, with rigid fleshy short lobes [32] . In R. Macedonia both the vulgare and piperitum subspecies have been identified and classified [33] . The wild growing F. vulgare subsp. piperitum has been found only in the most southern parts of R. Macedonia (Gevgelija and Bogdanci region). On the other hand, wild growing populations of F. vulgare subsp. vulgare have been located and identified around Skopje (Gazi Baba), Ohrid (Kaneo) and Strumica [33] .
In this work, two samples of wild growing fennel were collected and analyzed: one from Bitola region (Baba Mt. WF1) and one from Skopje region (Drachevo, WF2). Based on the morphological characteristics they were classified as F. vulgare subsp. vulgare, var. vulgare. Interesting results were obtained after analyzing the essential oils from these two wild fennel samples. The content of the main components obtained by analysis of the WF1 sample essential oil was 27.3% trans-anethole, 51.4%, estragole and 14.8 % fenchone, indicating that this sample might be of the estragole high chemotype according to literature data [34] , where few chemotypes are known with lower content of trans-anethole (less than 50%), higher content of fenchone (more than 30%) and higher content of estragole (more than 30%). The other wild growing fennel sample (WF2), collected near Skopje, also had a high content of transanethole (82.4%) and low content of estragole (3.8%) and the fenchone content was 9.7%, which does not correspond with the limits specified by Ph.Eur. (max 7.5% fenchone in sweet fennel essential oil) [23] , and has been reported as bitter fennel essential oil [35] . In most cases, the amounts of trans-anethole and fenchone are considered determinative for distinguishing between sweet and bitter fennel. In reality, chemical composition is sometimes not sufficient for distinguishing the two varieties because of the Fennel essential oil and fatty acids Natural Product Communications Vol. 10 (9) 2015 1621 9 10 11 Retention tim e (m in) Table 2 .
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Method development for simultaneous determination of volatiles and fatty acids
In order to perform a simultaneous analysis of volatile constituents and fatty acid profile, derivatization of the fatty acids, prior to gas chromatographic analysis, had to be done. Most often, the fatty acid profile is determined by converting the corresponding triglycerides to the corresponding fatty acid methyl esters (FAMEs). There are many procedures described for this type of transformation, which have been comprehensively reviewed [36] . These reactions can be divided into acid or base catalyzed transesterification. The acid catalyzed methods might cause cis/trans isomerization of the fatty acids and produce allylic methoxy artefacts. Another point of concern is the probable isomerization of estragole to its thermodynamically more stable isomer trans-anethole or isomerization to cis/trans-anethole. On the other side, base catalyzed transesterification can be carried out under mild reaction conditions, with NaOCH 3 or KOCH 3 as the most frequently used reagents for transesterification. These conditions should not alter the essential oil constituents, which are extracted together with the triglycerides, but the quantitative transformation of the triglycerides to the corresponding esters has to be made. So, two issues needed to be optimized: extraction conditions (in order of obtain full extraction of essential oil components and triglycerides) and reaction conditions for triglyceride transesterification (in order to ensure the quantitative conversion to the corresponding methyl ester). After several experiments, it was confirmed that without prior thermal treatment of the sample, a 3:1 mixture of n-hexane and methylene chloride was the most suitable solvent for simultaneous and quantitative extraction of both essential oil components and triglycerides.
In order to check the chromatographic separation of all compounds of interest, a standard mixture of FAMEs and essential oil components was analyzed under the same conditions as the standard mixture of the components of the essential oil. Comparison of the chromatograms gave excellent results, with separated monoterpenoids, phenylpropanoids and fatty acid methyl esters present in fennel oil (Figures 2b and c) . Taking into consideration the polarity of the poly(biscyanopropylpolysiloxane) phase, it was expected that non-polar essential oil components would elute before FAMEs. However, anisaldehyde was highly retained, appearing as the last eluting component after linoleic acid methyl ester and transanethole eluting between myristic acid methyl ester and palmitic acid methyl ester. To quantify the components in the extract, we initially chose n-heptadecanoic acid methyl ester (methyl margarate) as internal standard, but if water were present in the reaction mixture, even in negligible concentrations, methyl margarate would be hydrolyzed as well as the other esters in the reaction mixture. To be sure that the internal standard had not hydrolyzed, another internal standard, n-tetradecane, was added at the same concentration as methyl margarate, because it is not prone to hydrolysis and is stable under these reaction conditions. The content of all the components obtained by solvent extraction followed by transesterification are summarized in Table 2b and chromatograms of the extracts are given in Figure 2 .
It is important to note the order of elution of FAMEs on the SP2560. As shown in Figure 2 , FAMEs have higher retention times than the components of the essential oil (with the exception of myristic acid methyl ester eluting before trans-anethole), with the According to Reiter et al. [28] there are three positional isomers of 18:1 present in fennel fruits: petroselinic (6c-18:1), oleic (9c-18:1) and vaccenic acid (11c-18:1), and the content of petroselinic acid is in the range of 70.4-78.9 %, and oleic acid and cis-vaccenic acid content ~5.0 % and 0.3-0.4 %, respectively, making the total amount of 18:1 fatty acids ~80.0%. According to the data given in Table 2b , the content of fatty acids in the analyzed sweet fennel samples complies with those given previously in the literature. Namely, Cosge and co-workers [27] found 0.67% myristic acid, 4.76% palmitic acid, 1.53% stearic acid, 75.18% petroselinic acid, 6.15% oleic acid and 11.18% linoleic acid. The analyzed sweet fennel extracts showed the presence of myristic acid in the range from 0.12-0.27%, palmitic acid from 4.27 -5.15 %, stearic acid from 1.44-1.77%, 18:1 methyl esters 80.9 -83.0 % and linoleic acid from 10.8 -11.9%. The wild growing fennel samples had similar content of 18:1 acids, 80.3% (WF1) and 79.5% (WF2) and similar content of palmitic (4.75% and 4.90%) and slightly higher content of linoleic acid (13.2% and 13.3%). The content of myristic acid present in wild fennel samples was 0.22% and 0.77%, respectively, and stearic acid content was approximately 1.0%. Using a different temperature program it is possible to separate the 18:1 isomers, but this requires a higher starting temperature, which causes co-elution of the volatile monoterpenes with the solvent.
The next important step in our investigation was the comparison of the content of the essential oil components obtained by hydrodistillation and by Soxhlet extraction. The results obtained by GC-FID analysis of the hydrodistilled essential oils (Table 2a ) and transesterified samples (Table 2b ) are quite similar, with only minor differences in the content of monoterpenes. The contents of the main components (trans-anethole, estragole, fenchone, limonene and anisaldehyde) obtained by both procedures are given in Figure  3 . Slight differences can be seen for trans-anethole, estragole and fenchone, which are the most important components for quality control. Higher content can be observed for limonene implying higher extraction efficiency with the alternative procedure with transesterification, whereas higher variability of the obtained results can be seen for anisaldehyde.
In order to examine the efficacy of the Soxhlet extraction/transesterification method by means of complete extraction of volatile components, we have compared both methods by the ANOVA test. We tested the linearity between the standard hydrodistillation method and the Soxhlet extraction/transesterification method. Since the p-value obtained by the ANOVA test is less than 0.05, there is a statistically significant relationship between both methods, at the 95 % confidence level. The results showed a linear relationship between the two methods with linear model equation (slope 0.964, intercept 0.315). The R-squared statistic explains 99.92% of the variables, and the correlation of 0.9996 indicates a strong linear relationship between the variables. This implies that the volatiles do not undergo chemical transformation during extraction and derivatization. This is not surprising because the monoterpenes and phenylpropanoids present in fennel do not have acidic and/or hydrolysable functional groups. Based on the obtained results, it can be concluded that the volatile compounds from fennel fruits were thoroughly extracted and were not affected by the reaction conditions.
It is important to mention that this procedure was performed on a 15 g scale, but it can be scaled down to 5.0 g. In cases when a limited quantity of plant material is available for hydrodistillation, the developed method is a viable alternative for determination of volatiles composition. In addition to the volatiles profile, the fatty acid profile can be obtained, which may serve as an additional tool for fennel variety determination. The sample preparation procedure avoids solvent evaporation often used for concentration of the extract prior to analysis. In our previous studies we noticed that even moderate evaporation conditions of the extraction solvent might cause selective loss of more volatile monoterpenes. This study has shown that poly(biscyanopropylsiloxane) based capillary gas-chromatography columns recommended for FAMEs analysis can also be used for determination of volatile components (monoterpenes and phenylpropaniods) present in fennel essential oil. This possibility was further explored by developing a method for simultaneous determination of volatile components and fatty acids in fennel after Soxhlet extraction followed by transesterification, which was shown as a suitable method for analysis of wild and cultivated fennel samples originating from R. Macedonia. These results confirm that Soxhlet extraction followed by transesterification is a suitable method for analysis of the volatile components and might be a viable alternative for analysis of volatile components whenever there is not enough plant material for standard hydrodistillation and determination of the essential oil chemical composition. So, the developed extractiontransesterification methodology can be recommended for simultaneous analysis of the volatiles composition and the fatty acid profile of small plant material samples.
Experimental

Collection and preparation of samples:
The ripe fruits of both cultivated (S1-S5) and wild fennel (WF1 and WF2) were obtained from collectors from different geographic regions in R. Macedonia, all harvested at the beginning of August in 2012 and 2013 ( Table  1 ). All fennel samples were identified by Prof. Dr Vlado Matevski (Institute of Biology, Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius University, Skopje, R. Macedonia). The cultivated ones (S1-S5) were identified as F. vulgare subsp. vulgare variety dulce (sweet fennel) and the wild growing samples (WF1, Fennel essential oil and fatty acids Natural Product Communications Vol. 10 (9) 2015 1625 WF2) were identified as F. vulgare subsp. vulgare variety vulgare (bitter fennel). After harvesting, the fruits were air dried and kept in closed paper bags at 25°C for 2 weeks. Isolation of the essential oil and extraction of both essential oil components and fatty oil were made in parallel and immediately analyzed by GC techniques.
Isolation of essential oil: Ripe, air dried fruits freshly ground to -18+60 mesh size (50.0 g) were subjected to hydrodistillation, without prior thermal treatment, using a Clevenger type apparatus. The sample was distilled at a rate 2.0-3.0 mL/min for 3.0 h. Then, the yield of the essential oil was determined by carefully removing the oil from the apparatus and drying over anhydrous sodium sulfate. For gas chromatographic analysis, 100 µL of the essential oil was transferred to a 10 mL volumetric flask; 5 mL of a mixture of internal standards (4 mg/mL n-tetradecane and 4 mg/mL methyl margarate in n-hexane) was added, along with methylene chloride to a total volume of 10 mL. In most cases, the essential oils were immediately analyzed. In other cases, the isolated essential oils were stored into tightly closed vials at -18°C, and were kept for not more than 3 days before analysis.
Soxhlet extraction and transesterification:
Freshly ground samples (15.0 g; to -18+60 mesh size) were subjected to continuous extraction in a Soxhlet-type apparatus using a 3:1 ,v/v, mixture of n-hexane and methylene chloride. The extraction was carried out for 3.0 h, and, after cooling to ambient temperature, the extract was dried over anhydrous sodium sulfate for at least 10 min.
The preparation of fatty acid methyl esters (FAMEs) was accomplished with base catalyzed transesterification of the extract using 2 mol/L potassium methoxide at ambient temperature. The dried solution (3.0 mL) containing the extract was transferred to an oven dried test tube equipped with a teflon coated stir bar, followed by 1.0 mL solution of the internal standards (4 mg/mL n-tetradecane and 4 mg/mL methyl margarate in n-hexane). Then 0.2 mL of 2 mol/L potassium methoxide was added and the mixture was continuously stirred for 20 min. Then, on a tip of a spatula, anhydrous sodium hydrogen sulfate was added, the mixture was stirred for 1 min and then another spatula tip of anhydrous sodium sulfate was added and the reaction mixture was stirred for an additional minute. In order to separate the layers, the sample was centrifuged (5 min at 3000 rpm) in a closed test tube in order to avoid loss of volatile components. The separated supernatant (1.0 mL) was carefully transferred to a 2.0 mL GC vial and was immediately analyzed by GC-FID and GC-MS.
Solvents, reagents and standards:
The solvents: methylene chloride >99.9% p.a., and n-hexane (GC grade, 97%) were purchased from Sigma-Aldrich (Steinheim, Germany). Anhydrous sodium sulfate (> 99.9%) was purchased from Riedel-de Haën, Germany.
Authentic standards for identification of the essential oil components:
(-)-α-Pinene 98%; (1R)-(-)-fenchone ≥ 98%; (-)-βpinene 99%, estragole 98%, p-cymene 98%, trans-anethole 99% and anisaldehyde 99%, standards were purchased from Aldrich (Steinheim, Germany), and (R)-(+)-limonene from Sigma (Diesenhofen, Germany).
Authentic standards for identification of the fatty acid components and internal standards:
Methyl myristate 99.5%, methyl palmitate, methyl stearate 98%, methyl oleate and methyl linoleate 99%, standards for GC analysis were purchased from Merck (Darmstadt, Germany). Heptadecanoic acid methyl ester (margaric acid methyl ester) 99% and n-tetradecane, used as internal standards, were also purchased from Merck (Darmstadt, Germany). The 37 FAMEs mixture, 10 mg/mL, in methylene chloride was purchased from Supelco, USA.
Quantification analysis:
The identity of the essential oil main components was determined by comparison of the retention times of the main components of the analyzed essential oils to the authentic standards mixture. The content of each compound in the standard mixture was as follows: trans-anethole 64.6% (m/m for all), estragole 10.0%, fenchone 5.0%, p-cymene 2.8%, limonene 10.0%, m/m, α-pinene 2.5%, β-pinene 2.6% and anisaldehyde 2.6%. One hundred µL of this standard mixture was dissolved in methylene chloride and analyzed by gas chromatography. For quantification of the essential oil components, a mixture of internal standards (4 mg/mL n-tetradecane and 4 mg/mL margaric acid methyl ester) in methylene chloride was prepared.
The identity of the fatty acid methyl esters was determined by comparison of retention times of FAMEs present in each transesterified sample with an authentic FAMEs standard mixture. The stock standard solution used for quantification was prepared by weighing an exact mass of each component and dissolving in n-hexane to give the content of: myristic acid methyl ester 0.77% (m/m), palmitic acid methyl ester 5.02%, stearic acid methyl ester 1.68%, oleic acid methyl ester 83.2% and linoleic acid methyl ester 9.31%.
For quantification of the components extracted using n-hexane and methylene chloride (3:1 mixture), a mixture of internal standards (4 mg/mL n-tetradecane and 4 mg/mL margaric acid methyl ester) in n-hexane was prepared. One mL of internal standards mixture was added prior to the transesterification process and preparation of the samples for chromatographic analyses. For determination of the response factors of the main components of the essential oil, GC-FID analysis of the essential oil components standard mixture and internal standards were conducted in triplicate. Further calculations were made using n-tetradecane as internal standard with a response factor of 1.0. For determination of the response factors of fatty acid methyl esters, a standard FAMEs mixture was analyzed in triplicate and further calculations were made using methyl margarate as internal standard with a response factor of 1.0. Instrumentation: Gas chromatographic analyses for separation and characterization of both essential oil and FAMEs were performed on an Agilent 6890 GC system, equipped with a flame-ionization detector (FID) and Agilent 5973 GC auto sampler. A SP2560 column (100 m x 0.25 mm i.d., 0.20 µm film thickness) was employed and nitrogen was used as a carrier gas at a constant flow of 1.7 mL/min. The sample amount injected was 1 µL, with an applied split ratio of 1:50 at 250°C. The initial temperature of the oven was held at 105°C for 5 min, and then programmed to rise at 10°C/min to 240°C and held at this temperature for 20 min. The temperature of the FID detector was set at 260°C. In parallel, gas chromatography-mass spectrometry analyses were performed on an Agilent Technologies 6890N GC Network system, equipped with a 7683B Series injector autosampler and 5975B Inert XL, EI/CI MSD (mass detector). An HP-5MS column (30 m x 0.25 mm i.d., 0.25 μm film thickness) was employed and helium was used as carrier gas at a constant flow rate of 1.0 mL/min. Sample amount injected was 1 µL with a split ratio of 1:50 at 250°C. The initial temperature of the oven was held at 140°C for 5 min and then programmed to rise at 10°C/min to 260°C.
